Abstract. Asymmetry of body parts refers to absence of symmetry and unevenly developed body parts in terms of the axis and plane. It has been long ago noticed that no perfectly correct human body exists, and bodies are to a greater or lesser extent asymmetric. A passive way of life, insufficient movement and inappropriate ergonomics of the workplace have a negative impact on the skeletal muscle system, usually resulting in reduced muscle power, static and dynamic muscle endurance, and altered muscle tone. The aim is to determine whether muscle myotonometry parameters are informative in early risk diagnostics to predict the likelihood of skeletal muscle system trauma. The study involved 382 people aged 18-24. Participants were devided into two groups: according to the accumulated composite score. Testing was made one time. The study consisted of functional movement and myotonometry evaluation. The study analyses and presents comparisons of the results depending on the trauma likelihood and sex. In addition, asymmetry of the left and the right body side is investigated. The analysis of the asymmetries (delta) in the frequency of damped oscillations of trapezius, biceps femoris, gastrocnemius (inner and outer part) on the left and right sides of the body demonstrated greater asymmetries between the left and the right sides of the body in the groups of both men and women with a lower chance of trauma. The assessment of asymmetries in femoris rectus and tibialis anterior between the left and the right sides of the body showed differences in the frequency of damped oscillations in all groups. Muscle myotonometry parameters are informative and may be used in early risk diagnostics to predict skeletal muscle system trauma. The asymmetry in tibialis muscle tone between the left and the right leg causes poorer parameters of functional movement performance in women. No associations were found to exist with the ability to perform functional movements in men. The asymmetry in femoris muscle tone between the left and right leg demonstrates the ability of young subjects to perform functional movements. It is characteristic of men and, to a lower extent, of women.
Introduction
Body symmetry is primarily understood as a proportionate distribution of equal body parts or forms. From the biomechanical and clinical perspective, symmetric body posture is a physical position of a person when seated, standing or moving, which allows body segments to remain in one biomechanical chain, and due to coordinated activity of the segment, to overcome gravitation and acceleration forces [1, 2] . Normal functioning of the skeletal muscle system allows our body to maintain balance without additional activity of muscles; however, occurring asymmetric changes in the skeletal muscle system result in fatigue and deformation of body structural parts [3, 4] .
Asymmetry of body parts refers to absence of symmetry and unevenly developed body parts in terms of the axis and plane [5] . It has been long ago noticed that no perfectly correct human body exists and bodies are to a greater or lesser extent asymmetric. A passive way of life, insufficient movement and inappropriate ergonomics of the workplace have a negative impact on the skeletal muscle system, usually resulting in reduced muscle power, static and dynamic muscle endurance, and altered muscle tone [6] [7] [8] . All asymmetries of the neuromuscular systems result in the occurrence of scoliosis, changes of spinal kyphosis and lordosis as well as physiological disorders and functional injuries of the thorax [9] .
The muscle has active and passive mechanical features. Muscle tone is a mechanical tension of the muscle regardless of its conscious contraction [10, 11] . Muscle tone has been noticed to reflect muscle recovery characteristics after mechanical effects [11] .
Muscle elasticity (resilience, viscosity) is the ability of the muscle to return to the previous state upon disappearance of external forces affecting the muscle [12] . Muscle elasticity reflects the state of blood circulation when the muscle works. When a person moves and muscles contract, blood is constantly supplied to the cells of the muscle [13] . Contraction of the muscle is constantly accompanied by muscle relaxation during which blood can flow easily; therefore, the muscle has to recover to its natural state over a short period, and muscle elasticity reflects this [14, 15] . Muscle elasticity is characterised by logarithmic decrement of oscillations, i.e., the coefficient of elasticity. It has been noticed that the greater the logarithmic decrement of damped oscillations, the lower the muscle elasticity [16] [17] [18] .
Muscle stiffness refers to the ability of the muscle to resist the deforming forces [14, 15] . Increased muscle stiffness means that its antagonists receive additional load in order to maintain appropriate strength distribution, which determines an increase in energy input to perform movements [19, 20] . And vice versa, a decrease in muscle stiffness results in reduced antagonist resistance [21] . Muscle stiffness refers to a state of the muscle conditioned by its resistance to compression and stretching [22] .
The interaction of muscle tone, elasticity and stiffness ensures joint stability when movement is performed [23] . These components are also considered to provide the most substantial protection in maintaining the joint stable in the presence of unexpected interferences [24, 25] .
Early diagnosis of structural changes in the skeletal muscle system in young subjects may help to avoid trauma in everyday activities and sports as well as functional and physical disorders in future.
Materials and methods
For the research, permission of Kaunas Regional Biomedical Research Ethics Committee (No. BE-2-46, as of 07/10/2014) was obtained. The study involved all first-year students (aged [18] [19] [20] [21] [22] [23] [24] enrolled in the integral study programme Medicine at the Lithuanian University of Health Sciences during 2014-2015. Of the respondents who agreed to participate in the study ( = 423), 382 were selected, and 35 did not match the selection criteria. The participants were selected according to the following selection criteria: age -18-24 years; right-handed; BMI -16-29.9; health certificate approving the subject's ability to participate in physical activity; voluntary agreement to participate in the study; and filling in the questionnaire. The exclusion criteria were as follows: a trauma of the skeletal muscle system during the past 12 months, and active athletes professionally aiming at sports results and participating in sports competitions.
The study analyses and presents comparisons of the results depending on the trauma likelihood and sex. In addition, asymmetry of the left and the right body side is investigated.
All subjects performed 7 functional movement assessment tasks and were divided into 2 groups according to the accumulated composite score. Later, all subjects participated in the study assessing their muscle tone parameters.
Functional movement assessment. Movement quality was investigated based on Cook's criteria assessed on the scale from 0 to 3 points [26] . Of 7 assessed functional movements, 5 are symmetric, i.e., they are performed with both the left and the right side of the body; therefore, the movements were assessed separately for both sides. The subjects performed the following movements: deep squat, hurdle step, in-line lunge, shoulder mobility, active straight leg raise, trunk stability push-up and rotary stability. Following many authors [27] [28] [29] , the reference point is as follows: subjects with the score ≤14 have a greater chance of trauma (Group 1), and those with the score ≥15 have a lower chance of trauma (Group 2). In case of different evaluation scores for the left and the right body sides, the subjects were attributed to the groups according to the lower score [30] .
Muscle myotonometry parameters were recorded using myotonometer Myoton-3, which measures frequency and amplitude values of damped oscillations, where damped oscillation frequency characterizes tone, and logarithmic decrement of oscillation characterizes elasticity of tissues. The software of the device allows obtaining generalized values of many measurements and gives the stiffness coefficient of damped oscillations on the basis of measured relative values of frequency and amplitude of damped oscillations. This stiffness coefficient gives evidence of the resistance of tissues to the deforming forces [31, 32] .
The study analysed the parameters of the muscle tone of the trapezius, biceps femoris, gastrocnemius (inner and outer part), rectus femoris and tibialis anterior on the right and the left side of the body. The subjects had to lie down relaxed on a couch on the abdomen with their arms placed beside their body and palms up. First, the parameters of trapezius were measured on the left and the right side of the body; then, biceps femoris and the outer part as well as the inner part of gastrocnemius on the left side of the body were measured. After that, the muscles on the right side of the body were measured in the same order. When the subjects lay relaxed on their back, rectus femoris and tibialis anterior of the left leg were measured, followed by measurement of rectus femoris and tibialis anterior of the right leg.
Statistics and data analysis. The statistical data analysis was performed using the IBM SPSS (Statistical Package for Social Sciences) 22.0 for Windows and Microsoft Office Excel 2010 statistical analysis packages.
The differences were considered statistically significant when < 0.05. The bars in figures provide medians and confidence intervals (CI).
Results
There were no statistically significant differences between the subjects in groups in terms of sex, age, height, body weight and physical activity ( Table 1) . The subjects who scored ≤14 in performing functional movement tests were attributed to Group 1 and were considered to have a greater chance of trauma (the composite score for women was 13.00 (12.41-12.82 ) and that for men was 13.00 (11.99-12.81)). The subjects who scored ≥15 were attributed to Group 2 and were considered to have a lower chance of trauma (the composite score for women was 15.00 (15.47-16.17) and that for men was 16.00 (15.56-16.14)) [27] [28] [29] 33] .
Parameters of muscle myotonometry. The three parameters assessed were the frequency of damped oscillations (muscle tone), the logarithmic decrement of damped oscillations (muscle elasticity), and the stiffness coefficient of damped oscillations (muscle agonist and antagonist imbalance ratio).
Frequency of damped oscillations
The women in the group with a greater chance of trauma had a statistically significant difference between gastrocnemius (inner part), rectus femoris and tibialis anterior on the left and the right side of the body. In the women with a greater chance of trauma, the median of the frequency of damped oscillations in rectus femoris of the left leg was 11.0 Hz and that of the right leg was 11.5 Hz. In the women with a lower chance of trauma, a statistically significant difference in the frequency of damped oscillations was observed between rectus femoris of the left leg (11.1 Hz) and the right leg (11.6 Hz). There were no differences in the frequency of damped oscillations of other analysed muscles between the women in Group 1 and Group 2 (Fig. 1) .
In the men with a greater chance of trauma, a statistically significant difference was determined in biceps femoris between the left and the right side of the body: the median of the frequency of damped oscillations on the left leg was 14.6 Hz and that on the right leg was 14.7. Meanwhile, in the men with a lower chance of trauma, the median of the frequency of damped oscillations in femoris rectus was 11.8 Hz on the left leg and 12.7 Hz on the right leg. Regardless of the chance of trauma, the frequency of damped oscillations of other analysed muscles in the men was similar (Fig. 2) . 
Logarithmic decrement of damped oscillations of the muscle
The analysis of the results of the logarithmic decrement of damped oscillations in the women with a greater chance of trauma demonstrated a statistically significant difference between the right and the left side of the body in terms of trapezius, biceps femoris, gastrocnemius (inner part) and tibialis anterior. In the women with a greater chance of trauma, the logarithmic decrement of damped oscillations was similar in all the analysed muscles on both the left and the right side of the body. In the women with a greater chance of trauma, a lower logarithmic decrement of damped oscillations was determined in trapezius of the right side of the body in comparison with the women with a lower chance of trauma. The logarithmic decrement of damped oscillations of other analysed muscles was similar in the groups of the women regardless of a greater or lower chance of trauma (Fig. 3) .
In the men with a greater chance of trauma, the logarithmic decrement of damped oscillations of gastrocnemius (inner part) was greater on the left side of the body. However, in the men with a lower chance of trauma, the logarithmic decrement of damped oscillations of gastrocnemius (outer part) was greater on the right side of the body. The logarithmic decrement of damped oscillations of gastrocnemius (outer part) on the left side of the body was lower in the men with a lower chance of trauma in comparison with the men with a greater chance of trauma. There were no statistically significant differences in the logarithmic decrement of damped oscillations of other analysed muscles (Fig. 4) . 
Stiffness coefficient of damped oscillations of the muscle
In the women with a greater chance of trauma, the stiffness coefficients of damped oscillations in trapezius, gastrocnemius (outer part) and tibialis anterior were statistically significantly different between the left and the right side of the body. In the women with a lower chance of trauma, the stiffness coefficients of damped oscillations of all the assessed muscles were similar regardless of the side of the body. The analysis of the data on the stiffness coefficients of damped oscillations in all the muscles selected for the research demonstrated that there were no statistically significant differences between the groups of the women (Fig. 5) . It was determined that the stiffness coefficients of damped oscillations of muscles in the groups of the men were not statistically significantly different in terms of the body side and the chance of trauma. The analysis of the asymmetries (delta) in the frequency of damped oscillations of trapezius, biceps femoris, gastrocnemius (inner and outer part) on the left and right sides of the body demonstrated greater asymmetries between the left and the right sides of the body in the groups of both men and women with a lower chance of trauma. The assessment of asymmetries in femoris rectus and tibialis anterior between the left and the right sides of the body showed differences in the frequency of damped oscillations in all the 4 groups (Fig. 6 ).
Discussion
Muscles are characterized by active and passive mechanical features. Active mechanical features of the muscle refer to the dependence of strength developed by innervated muscle fibers on the length of the muscle, speed and time of contraction of the muscle [12, 34] . Passive mechanical features of the muscle are characterized by muscle tone, elasticity, and stiffness [14, 15] . In the normal state, the muscle is resilient. Its resilience is conditioned by involuntary tension and readiness to resist the external forces, i.e., stretching [11, 35] .
The tone of the muscle refers to a mechanical tension independent of the voluntary contraction of the muscle [10, 11] . The muscle tone has been considered to reflect the capability of the muscle to recover after mechanical effects [11] . An increased muscle tone demonstrates an increase in the internal tension, which leads to poorer blood circulation and metabolism conditioning pain, injuries and overload [37] . A reduced muscle tone results in reduced muscle efficiency and weakening of the muscle function [7, 8] . The muscle tone is most probably best described by the frequency of damped oscillations (Hz), when oscillations fade following a sudden mechanical effect. The greater the muscle tone, the more tense the muscle resulting in the greater frequency of damped oscillations [38, 39] .
The results of our study demonstrated that the parameters of muscle myotonometry were informative and might be used in early diagnostics of skeletal muscle system trauma. In this research, we analysed three features of muscle elasticity in subjects with a greater or lower chance of trauma: frequency of damped oscillations of the muscle defining the muscle tone; logarithmic decrement of damped oscillations defining the muscle elasticity; and muscle stiffness defining muscle stasis.
The analysis of the tone and elasticity features of gastrocnemius (inner part) showed that the frequency of damped oscillations and the logarithmic decrement in the women with a greater chance of trauma were statistically significantly different in comparison with the women with a lower chance of trauma. In addition, our study determined a statistically significant difference in the logarithmic decrement of damped oscillations of the inner part of gastrocnemius between the left and the right leg in the men of Group 1. Therefore, we may claim that poorer parameters of functional movement performance in young subjects are conditioned by asymmetry of the calf muscle tone and elasticity between the right and left leg.
In a similar study conducted by Vain et al., elastic muscle characteristics were measured in men in the lying position (as in our study). The researchers found that the frequency of damped oscillations was 13.0 Hz, and the logarithmic decrement of damped oscillations was 1.28. The authors did not differentiate between the right and left leg parameters [40] . According to the results of the two studies, both the frequency of damped oscillations and the logarithmic decrement of damped oscillations were similar. The analysis of stiffness coefficients of damped oscillations in our study did not show statistically significant differences between the groups. The researchers who tested the inner part of gastrocnemius in subjects in the lying position (with muscles relaxed) observed that the stiffness coefficient of damped oscillations of the muscle was 204.1 N/m [40] . The data confirm that stiffness coefficients of damped oscillations in muscles of our subjects were greater. This might be explained by the fact that the authors of the above-mentioned study focused more not only on testing the muscles in the lying position, but also on the comparison of the results when the subjects were lying and standing on stable and unstable surfaces. We did not test the muscles in other positions, although this may be our future research, because the results of studies conducted by other researchers demonstrated that both the frequency of damped oscillations and the muscle stiffness coefficient of damped oscillations changed, i.e., were greater when muscles were tested in the standing position on both the stable and the unstable surface. The logarithmic decrement of damped oscillations remained similar. The mentioned authors studied the differences between muscle elasticity when the subjects were standing on the stable and the unstable surface. They found that there was no statistically significant difference between the frequency of damped oscillations, the stiffness coefficient of damped oscillations and the logarithmic decrement of damped oscillations when the subjects were standing on different surfaces [40] .
According to Cupriks et al., the frequency of damped oscillations of muscles in young men weightlifters should be 11-16 Hz, the logarithmic decrement of damped oscillations should be 1.0-1.2, and the stiffness coefficient of damped oscillations should be 150-300 N/m regardless of the muscle tested [41] . In our study, we assessed the minimal and the maximal values of all the analysed muscles and found that the frequency of damped oscillations varied between 9.3 and 23.0 Hz, the logarithmic decrement of damped oscillations varied between 0.6 and 1.6, and the stiffness coefficient of damped oscillations was 288-445.5 N/m. The differences found between our research results and those of Latvian researchers may be due different subjects; besides, in the Latvian study, the researchers did not indicate which particular muscles were assessed.
Mullix et al., in a study conducted in Great Britain, tested healthy men (mean age, 25.7 years). In this study, the researchers assessed the elastic features of rectus and biceps femoris. The subjects had to abstain from alcohol for 48 hours. Testing was performed when the subjects had been lying on the back for 10 min. Testing of rectus femoris showed that the frequency of damped oscillations was 15.50 Hz. The researchers did not differentiate between the results of the right and the left leg [42] . In our study, we analysed the elastic features of the left and the right leg in both groups of women and men. The obtained results demonstrated that the frequency of damped oscillations of the right leg muscles in both groups of women was greater; meanwhile, among men, the frequency of damped oscillations of rectus femoris was greater only for the right leg in Group 2. The comparison of the results of women and men in 2 groups did not yield statistically significant differences. Hence, the results of the authors obtained in the study in Great Britain are similar to ours.
In analysing the logarithmic decrement of damped oscillations of rectus femoris in young men, the authors found that it was 1.32; the stiffness coefficient of damped oscillations was 279 N/m [42] . The comparison of our results and those of other researchers shows that the logarithmic decrement of damped oscillations of rectus femoris was different, but this may be explained by the fact that the mentioned authors analysed the logarithmic decrement of damped oscillations together for the left and the right leg.
In the study conducted in Great Britain, the researchers analysed elastic features of relaxed biceps femoris and found that the frequency of damped oscillations was 16.2 Hz, the logarithmic decrement of damped oscillations was 1.21, and stiffness coefficient of damped oscillations was 290 N/m [42] . The frequencies of damped oscillations of rectus femoris in this study and in our study differ. However, the comparison of their and our results in terms of the logarithmic decrement of damped oscillations shows similarity. The analysis of the stiffness coefficient of damped oscillations of the muscles in our study subjects demonstrates that the stiffness coefficient of damped oscillations in the study in Great Britain was higher, which may be due to the fact that the researchers tested 20 healthy men with the mean age 25.7 years, i.e., older than the subjects in our study [42] .
It is well known that the capacity of muscles is the condition of their full function, which reduces the likelihood of trauma. Mersmann et al. studied the stiffness coefficient of damped oscillations in professional volleyball players teenagers over the period of 2 years. The obtained results demonstrated that the strength of leg muscles and stiffness of tissues surrounding the patella changed, which may be the cause of a fine muscle function and a low chance of trauma [43] . The authors claim that an increase in the stiffness coefficient of damped oscillations means lower chances of trauma. In our study, we determined that the stiffness coefficients of damped oscillations of analysed muscles were similar in groups with a greater and a lower chance of trauma.
Cupriks et al. studied changes in elastic features of muscles in young men (20 years old) who performed various functional movements. The researchers tested muscles three times: before performance of functional movements, after functional movements, and after stretching exercises of the muscle with the highest workload. The results obtained demonstrated that the parameters of the muscle tone (frequency of damped oscillations and stiffness of damped oscillations) changed during functional movements and after stretching exercises; however, the elastic features of the muscle were different only when specific functional movements were performed. Unfortunately, the authors did not indicate the specific movements analysed [41] . The authors came to a conclusion that a greater stiffness of damped oscillations and a greater frequency of damped oscillations determine a smaller amplitude of movements. The results obtained in our study confirm this conclusion, as statistically significant correlations were established between the frequency of damped oscillations, stiffness of damped oscillations and functional movements of some muscles. The greater the frequency of damped oscillations and the greater the stiffness coefficient of damped oscillations, the lower the results of functional movement assessment.
We found a statistically significant difference in the frequency of damped oscillations of rectus femoris between the left and the right leg in the women with a greater and a lower chance of trauma and in the men with a lower chance of trauma. Similar results were obtained by other authors who also noted differences in the frequency of damped oscillations, the logarithmic decrement of damped oscillations and the stiffness coefficient of damped oscillations of rectus femoris between the left and the right leg [17] . Thus, asymmetry of the femoris muscle tone between the left and the right leg is related to the ability of the subject to perform functional movements.
Conclusions
1) Muscle myotonometry parameters are informative and may be used in early risk diagnostics to predict skeletal muscle system trauma.
2) The asymmetry in tibialis muscle tone between the left and the right leg causes poorer parameters of functional movement performance in women. No associations were found to exist with the ability to perform functional movements in men.
3) The asymmetry in femoris muscle tone between the left and right leg demonstrates the ability of young subjects to perform functional movements. It is characteristic of men and, to a lower extent, of women.
